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ABSTRACT. 
The investigation analyses how a computer based system 
might best be employed to assist during the development of 
the human centred aspects of consumer products. 
A prototype human-computer interface is introduced and an 
evaluation study is outlined which was designed to test the 
following hypotheses: 
1. It is possible to construct a human-computer interface 
that will accommodate the sensori-input, cognitive, 
and knowledge demands of industrial designers 
(ergonomic novices) whilst accessing existing 
ergonomic data. 
2. It is possible to construct a computer based system 
that will manipulate existing ergonomic data in such a 
way that is relevant to the application demands of the 
design development process. 
Industrial designers found this tool easier to use than 
tradi tional paper based enqui ry methods as shown by 
significantly reduced answer times and increased accuracy 
of results. The feasibility of this tool was demonstrated 
via the solving of realistic design problems. 
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1.0 INTRODUCTION 
This is an investigation into how a computer based system might 
best be employed to assist during the development of the human 
centred aspects of consumer products. Initially the need for 
such a tool is developed by outlining the standard of consumer 
products in the U K. It is argued tha t imminen t deve 1 opmen ts in 
political, legal, social and technological areas will have 
significant commercial implications for manufacturers who produce 
artifacts that do not meet basic utilitarian requirements. 
Therefore, the pressure for greater involvment of ergonomics in 
design processes is likely to grow. This advance will highlight 
some fundamental problems of applying scientific data during an 
art based process such as design, and as a consequence new 
communication techniques will be required. 
In the second portion of the study the specific manner in which a 
computer based system might be employed to assist in this way is 
developed. A proptotype human-computer interface is introduced 
and an evaluation study is outlined which was designed to test 
the following hypotheses: 
1 It is possible to construct a human-computer interface that 
will accommodate the sensori-input, cognitive, and 
knowledge demands of industrial designers (ergonomic 
novices) whilst accessing existing ergonomic data. 
2 It is possible to construct a computer based system that 
will manipulate existing ergonomic data in such a way that 
is relevant to the appl ication demands of the design 
development process. 
Subsequently this prototype human-computer interface is subjected 
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to a pilot evaluation study involving 15 industrial design 
students, and a number of conclusions are drawn. 
2.0 ERGONOMICS IN CONSUMER DESIGN 
" bear in mind that the object being worked on is going 
to be ridden in, sat upon, looked at, talked into, activated, 
operated, or in some other way used by people individually 
or en masse. 
When the point of contact between the product and the people 
becomes a point of friction, then the industrial designer 
has failed." 
Henry Dreyfus s 1955. 
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2.1 CONSUMER PRODUCT DESIGN IN THE OK: STATE OF THE ART 
Consumer products are those goods and services intended for use 
on the consumer market and with which the general public will 
come into contact, Wilson 1983 (27). Meyer 1982 (l8) categorised 
consumer products into those that are utilised for the 
satisfaction of human wants and needs, which are not used for 
further production (eg household appliances); those that are used 
by a more select portion of the population possessing a more 
unique need (eg teaching equipment, medical equipment); and those 
that have be a unique role as a capital and consumer product (eg 
hand tools, transportation}". 
The commercial success of a consumer product is heavily 
dependent upon the quality of the design input during its 
conception and development. Design is a proven asset. Despite 
this there appears to be a disjunction between what is known 
about the process of design and the standard of consumer 
products. "Despite our technical ability to design with high 
effectiveness, the general quality of our designed environment 
remains poor.", Brown 1985 (I). 
Quality in this context refers to the safety, efficiency, 
comfort, convenience, and aesthetics of a product, under 
conditions of normal use and misuse. Within such criteria there 
are many examples of poor design. For example, more than 1000 
children a year in the UK are killed or injured because they can 
not be properly strapped into the rear seats of motor vehicles, 
Leicester Mercury 1985 (12). Research has proven that car rear 
seat belts are vital for passengers of all ages. The serious 
skull, facial and chest injuries suffered by 150 back seat 
passengers admitted to Leicester Royal Infirmary over an 8 month 
period are strikingly similar to those formerly suffered by front 
seat passengers who were not wearing belts before they were made 
compulsory in 1983. There is no reason to believe that this is 
not indicative of the national situation. 
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The home is probabl y the single most dangerous location in the 
UK. Consider for example the Kitchen area; in 1984 there were 
663 accidents involving cooking appliances reported to a rolling 
sample of 20 hospitals in England and Wales, of these 80 were 
fatal, Home Accident Surveillance System (HASS) 1985 (6). For 
the same area there were 1088 accidents involving devices such as 
food slicers, graters, peelers, food mixers, and processors, of 
these incidents 3 proved fatal HASS 1985 (6). Accidents 
involving tins and tin openers are regularly reported in great 
numbers 1536, 1545, 1274 and 1409 in the years of 1977 to 1980 
Waren 1980 (23). 
Al so in the year 1984, there were 183 accidents reported to the 
20 hospitals involving many types of laundry equipment such as 
washing machines, spin driers, tumble driers, mangles and irons. 
Of these incidents 4 were fatal HASS/1985(6). 
Other areas worthy of note include home lighting equipment (239 
accidents, 27 deaths in 1984 HASS 1985 (6)) electrical wiring and 
accessories (473 accidents and 80 deaths in 1984 HASS 1985) and 
, 
heating and ventilation equipment (1494 accidents, 254 deaths in 
1984 HA SS 1985(6)). 
Whilst many of these accidents may be attributable to the age of 
those involved (25% of all home accidents in 1984 involved 
subjects under the age of 4 years HASS 1985(6)), a significant 
proportion do involve able bodied people between the age of 15-64 
(46% of all home accidents in 1984 involved subjects in this age 
range HASS 1985). For example Fulton and Feeney 1983 (58) noted 
that of 4576 lawnmower accidents reported in England and wales in 
the year 1980, the large majority of the people involved were 
aged 15-65 years (80%). 
Such accident figures are not exhaustive and are probably only 
the tip of the iceberg. The examples cited are those situations 
where defective products have directly led to injury. It is only 
possible to estimate the extent of the discomfort, inconvenience 
and stress caused by such products in near miss situations. 
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Indeed, safety aside, one is left with the impression that it is 
not possible to traverse dailj life without the imposition of ill 
considered products: food containers that seem impossible to 
open; furniture that is uncomfortable to sit on; alarm clocks 
that are difficult to turn off or set. The list is apparently 
endless. 
The reality of consumerism in the UK is that the standard of mass 
produced articles is generally poor when considered within user 
centred issues. 
2.2 ERGONOMICS IN CONSUMER DESIGN: A PREDICTION FOR THE FUTURE 
Who then is responsible for this situation? Obviously those who 
manufacture consumer products must be ultimately accountable for 
their actions. It is highly probable that much design in the UK 
is carried out in an ad-hoc manner by people who are either not 
formally trained in the subject or who have a conflict of 
interests (production engineers). In response to this shortfa 11 
the Design Council have since initiated a funded consultancy 
scheme in an attempt to demonstrate to unconvinced manufacturers 
the benefits of design. 
However a significant proportion of UK manufacturers have for 
some time been utilising design, either on an inhouse or 
consultancy basis. In the market for cars and powered 
lawnmowers, it is inconceivable that any manufacturer could 
remain viable for any length of time producing such products 
without a sizable design input. Despite this, as noted, many of 
the artifacts produced by these enligtened manufacturers fail on 
a number of fundamental utilitarian issues. 
The implications of this seem clear; the methodology employed by 
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professional designers is defective in some way. Malde 1981(13) 
sensed this, making the subtle but important distinction between 
consumer-oriented and technology-oriented design. In the former 
the use of the product is considered the focal point of the 
design effort, in the latter, technology is allowed to lead the 
development process. 
On the strength of available evidence it would appear that 
product designers generally adopt a technology oriented approach, 
with the emphasis on functional, material, production and visual 
aspects of the product. Essentially the user is treated as just 
one of the many variables during design tradeoffs. Therefore the 
requirements of the intended user may not be treated with any 
more reverence than, for example, the requirements of the 
production plant which is to manufacture the artifact. 
2.2.1 Pressure for safer consumer product design 
The technology of consumer products is developing rapidly, with 
the use of micro-electronics being most prelevant. This increase 
in sophistication brings with it new opportunities for fashion, 
decreased cost, increased· availability and functiona 1 capacity 
Moore Dartnell 1982(19). However new obstacles associated with 
ergonomic issues, amongst others, may hinder the adoption of such 
technology. New human-machine interface issues exist and the 
assets afforded by micro-electronics can only be realised if 
those who are to use it can understand and control it. 
Increasing social awareness of design is attributable to its 
growing use in the manufacturing process, and better education in 
state schools. Design education in the UK at primary and 
secondary school levels is now firmly established as an important 
component of the curriculum. As the first generation to benefit 
from this system graduate, the relative sensitivity to the 
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qua 1 i ty of consumer products wi 11 undoubted 1 y grow. Products 
that are seen to be hazardous or in some way inefficient will 
more than ever become socially unacceptable, in much the same way 
as cigarettes have over the last 10 years. 
Over the last 15 years a powerful network of government, quasi 
government and private bodies concerned with the welfare of the 
consumer have been establ ished. (eg Minister of Consumer 
Affairs, Consumer Safety Unit, Office of Fair Trading, National 
Consumer Council, Consumer Advice Centres, Trading Standards 
Department). It seems clear that the social and political 
pressure for responsible design in the future will be large. 
Developments which have occurred in consumer safety criminal law, 
and proposed alterations to the civil law on product liability, 
will have a major influence on the quality of design in the UK. 
"Retrospective damages can have a positive effect upon the 
attitudes and practices of manufacturers, and these developments 
have already created a business climate much more aware of, and 
concerned about, the need for safer product design" wi 1 son 
1983(27). 
2.3 COMMUNICATION REQUIREMENTS OF DESIGN PROCESSES: A THREE 
LEVEL ANALYSIS 
It is possible to perceive man's communication with his 
environment at three distinct levels as proposed by Clarke 
1986 (2). 
1 At the lowest level humans receive data from their 
environment. Data is that "limited band of coded energy 
which is detectable by the senses". Clarke 1986 (2). 
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2 Information is a higher form of data, it is only that energy 
to which some interpretation of meaning is possibl e. For 
example in an audio signal carrying a morse code, both the 
morse and any background static is data, although only the 
code can be considered as information. 
3 Information becomes knowledge when it has relevance within a 
given context. Knowledge is only that information which can 
be used or acted upon. A context is establised by the goals 
held by the participants of any given situation. 
In this way the communication of data is essential to the 
transmission of information, and in turn the acquisi tion of 
knowledge is completely dependent upon the communication of 
relevant information. If existing ergonomic data is to be 
effective its material and conceptual arrangement must 
acknowledge the requirements at all levels of this triad of 
communication. Therefore it is possible to apply this model 
in order to establish the utility of existing ergonomic 
literature. It is also possible to conduct a similar 
analysis in order to evaluate the efficiency of a proposed 
human-computer interface. 
2.3.1 Data and Information Requirements 
At a data and information level many of the requirements placed 
on existing ergonomic literature are the same as those placed 
upon any recorded material; firstly symbols should be clearly 
discernable, they must contrast with their background, and the 
format must avoid undue confusion. Secondly the selected 
symbols must assist perceptual processes and intended meaning 
must be clear and free from redundant detail. 
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It has been suggested that mental functions are divided between 
the two hemispheres of the brain. The left side is associated 
with intellect and analysis and is verbal in nature, whilst the 
right is associated with intuition, gestalt and experience and is 
holistic in nature. Meister and Farr 1967 (16) have shown that 
designers are usually right side dominant. This was demonstrated 
by displaying the same ergonomic data to designers in a variety 
of formats. The designers' preferences were are follows: 
Tabular 33% preference 
Graphic 88% preference 
Pictorial 85% preference 
Verbal 9 % preference 
This cognitive bias is also represented by the largely graphical 
manner in which many designers develop their ideas. The design 
sketch is a fundamental technique during design. Within this 
context the descriptive mode in which the large majority of 
available data is reported 
topic Mauro Maney 1978 (14) 
chart and tabular format 
situations. 
would seem inappropriate. 
observed the difficulty of 
anthropometric data to 
On this 
applying 
design 
These format obstacles are confounded by the fact that there is a 
vast quantity of existing data through which researchers must 
sort in order to isolate relevant material. Even for an 
experienced specialist this is a time consuming task, and in 
those situations where human centred issues are not critical it 
is probably not worth the effort to evaluate decisions using 
existing data. 
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2.32 Knowledge Requirements 
Industrial design is an art based process. The subject is mainly 
taught through first-hand acti v i ty, and students are encouraged 
to develop an intuitive feeling towards their work. The approach 
is practical rather than theoretical. Designers generally 
analyse the human aspects of their work through actual experience 
gained from the use of three-dimensional representations of a 
proposed product. This experience has been formally termed a 
"user" trip" whereby user centred features are assessed or 
modelled around the capabilities of the designer(s) involved in 
the development programme. 
"The design methodology utilized by the designer is highly 
idiosyncratic. Typically he puts himself in the place of the 
equipment operator and says to himself in effect, if I were the 
operator, how would I prefer the design to be laid out?" Meister 
Farr 1967 (16). 
It seems as though designers employ a set of simple rules of 
thumb which involve very basic human criteria. This knowledge 
is applied in an informal, intuitive manner; 
Conversely the Ergonomics Society defines ergonomics as: 
... the scientific study of interelations between people and 
their occupations (including) ....... the equipment they 
use, the environment they work in and the working system as a 
whole. 
From this common definition it can be seen that ergonomics is a 
science based process. Students are taught to think in a 
systematic manner; the bias is on theory, and fact rather 
feeling predominates. 
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These alternative methodologies result from different cognitive 
bias. As already noted, designers tend to be right side dominant 
dealing with experience with a grapical, inuitive and emotional 
emphasis. Alternatively, existing ergonimic knowledge is mainly 
verbal and logical which suggests left side dominance. 
A significant problem at a knowledge level is that many designers 
find it extremely difficult to relate to this largely ~PJ!rical 
and objective language. They are ergonomic novices. This same 
disjunction faces many ergonomists who seem unable to comprehend 
how designers arrive at a solution. In short, they don't trully 
understand the many design processes and so find it difficult to 
offer advic~ that is relevant. 
However these two approaches are not incompatible, it is not 
beyond the ability of any designer to become more objective and 
je to adopt a greater jmpirical element in their assessment 
techniques. Alternatively ergonomists can be taught an 
understanding of design. 
Whilst the marriage of these different perceptions is a problem, 
it is not one that a re-aligned education system and professional 
tr1ilclning cannot solve. It is also not a problem that ultimately 
VI 
prevents the application of existing ergonomics knowledge. 
Indeed both these views are valid, necessary and potentially 
i; compatpble. 
The real problem is simple in concept. Deisign operates in and 
dea 1 s with the rea 1 wor 1 d, ergonomics obv ious 1 y therefore must 
address real word problems, but as a discipline it draws all its 
working knowledge from a theoretical world, a world constructed 
by scientific methods. Here lies the rub. The theoretical world 
created by science is very different from the world that we 
experience every moment, and even the most design literate 
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ergonomist is severely thwarted when trying to draw correlations 
between the two. Put more simply due to its structure a large 
proportion of existing ergonomics 1 i tera tu re does not re 1 ate in 
any significant way to real world situations. 
This conceptual 
difficulties. 
impasse results in a number of observable 
Scientific method depends upon objective 
definition. This is achieved by conceptually dissecting real 
world situations into identifiable components. This is 
reductionist thinking. These components are essentially the 
attributes of a model that are supposed to simulate real world 
beha v iour. These attributes are of two forms, namely dependent 
and independent variables. 
A common problem faced by any scientist involved in pure research 
is how to define a real world situation in this way so that it is 
manageabl e. The number of competing independent variables 
involved in any task is enormous. Control is achieved in two 
ways, firstly many independent variables are simply not included 
in the study. Secondly those involved are held constant. In 
this way it is possible to isolate and study dependent variables. 
However, in the real world independent variables are not 
artificially suppressed in this way, they interact and 
fluctuate. For example, if you were to increase the speed with 
which an operator must activate his controls, then personnel 
elements such as motor capability and training are affected. 
This aspect of existing data creates a real conflict during 
design processes because the designer cannot hold these variables 
constant during the many trade-offs involved in practical 
situations. 
Secondly there are many hidden interactions between those 
independent variables which are involved in a study, and those 
which are not. On this topic Chapanis 1967 (3) cites an example 
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of a study of sensor I ines on displays (A sensor I ine is a kind 
of flow line that is drawn on a panel which connects a control 
with its corresponding display). It was demonstrated that when 
the control panels under observation were arranged so that the 
controls and displays were non-compatable (ie no iso-morphism 
between the location of the display and the corresponding 
control) the response was lowered by the inclusion of sensor 
lines. However, as soon as the controls were arranged in a 
compatable manner the relationship was reversed. As Chapanis 
observed "one never knows how many other hidden, or undiscovered, 
interactions may affect the applicability of the results to a 
practica I situation." 
Experimental models are always attribute deficient, and so they 
cannot reliably simulate human behaviour beyond those extremely 
limited conditions under which the data was observed. The 
literature provides a demarcated rather than holistic view. The 
reality of this rigid framework is that there is only a limited 
number of situations to which the predictions of experimental 
data are applicable. Theoretically there is a 
problems. If different ergonomics studies 
referenced it would be possible to predict 
way around these 
could be cross 
the effects of 
independent variable fluctuations, or more simply you could begin 
to match the conditions of a study to those of an application and 
so get answers that are relevant . 
. /" However, this is simply not possible due t~the incompatibility of 
source data. The reader is referred to appendix I for a 
demonstration of this point. The arm strength material contained 
in the appendix is intended to be a case study demonstrating the 
nature of scientific investigation. 
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It will be noticed that in this review there are six studies 
which report how strength varies with age, and that there are 
fourteen which report how strength varies with body position. If 
it were possible to simply apply the findings of a first study on 
how strength declines with age, to a second study on how much 
force can be exerted in different body positions, then it would 
be possible to extend the relevance of the individual information 
components. Therefore instead of being applicable to one 
particular operator (specific age) poised in possibly 30-40 
positions, data combined in this way would be relevant to 
operators of any age poised in 30-40 positions. It is then 
possible to see that if a second, third, fourth etc independent 
variable is manipulated in this way, that the data becomes 
relevant to many more situations. Cross reference of source data 
is the key to greater relevance. 
However, from the six age studies and the fourteen body position 
studies reported it is not possible to find two which match in 
terms of task and experimental conditions, as well as subjects 
involved; correlations therefore, are not possible. This is a 
striking incompatability with the requirement for the interactive 
combination of information. A lack of standardisation in source 
data is a major obstacle to application. 
It is the extreme precision that scientific method demands that 
has led to this impasse, because unless the specific experimental 
task, biographic and environmental conditions are exactly the 
same from one study to another, then such real world 
correlations are not feasible. The type of co-operation and 
agreement that such standardisation would require, would be 
difficult to achieve, but perhaps more importantly such 
applications demands have never been a high priority in pure 
research fie 1 ds. 
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However. the appl ication difficu 1 ties associated with this kind 
of precise and incompatible data are more fundamental than has 
yet been suggested. 
In the early 60s the study of design processes was formalised and 
began with a systematic approach that owed much of its philosophy 
to computer science. Since then the inability of this type of 
thinking to fully describe the design activity has become clear. 
It is generally accepted that its main fault lies in the fact 
that a systematic approach is a precise 1 anguage trying to 
describe what is a vague activity. 
More recently models of the design process have been proposed 
that try to accommodate this elusive. internal element of design. 
A simple version of this view point is proposed by Brown 1985 (1) 
in which design is a convers;'nt process that proceeds from vague 
unstructured idents to a final concrete solution. 
The importance of this notion is that the level of knowledge 
about a problem area held by a designer is time related. 
Therefore at the beginning of a development effort the designer 
will be uncertain about many aspects of the problem area. As 
different elements are researched and developed this uncertainty 
wi 11 be reduced. 
Unf or tuna te 1 y the preci se na ture of ergonomic s 1 i tera ture 
/',1 similarly requires precise queries ifn order to yield any kind of 
answer. Ergonomics 1 i tera ture cannot anwer v aY~le ques tions and 
so occludes its use during the earlier phases of design. 
~ 
Th.i-S use of ergonomics 1 iterature after most major design 
decisions have been made. and when there is a high financial 
commitment to a particular solution means that its impact is 
often only cosmetic. 
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Therefore within the proposed communication model there appears 
a number of requirements. 
At a data and information level many of the requirements are 
usual; the clarity of text and symbols; clutter-free frames that , , 
are structured to assist perceptual processes; a dialogue that 
accommodates the naive nature of its user. 
In addition to this, industrial designers are right side dominant 
and so the use of colour and graphics is important. At a 
knowledge level this tool must be able to interactively combine 
source data, at a level of precision that will parallel the major 
steps, of the design activity. 
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3.0 THE DEVELOPMENT OF A HUMAN-COMPUTER INTERFACE FOR FREE 
ACCESS TO AN ERGONOMICS KNOWLEDGE BASE 
"The nature of the man -computer interface must be determined by 
the characteristics of the potential users and the tasks they wish 
to perform as well as by nature of the computer system". 
Eason 1975. 
18 
3.1 A CRITIQUE OF TWO EXISTING ERGONOMIC DATA BASES 
The discussion wi 11 now begin to consider how a computer based 
system might be employed to overcome these inherent shortfalls of 
existing data. The main vehicle for this criJque will be a 
t.. 
review of two existing data bases. Following this a prototype 
system which demonstrates outline principles will be introduced. 
There are numerous ergonomic data bases. These tools can be 
divided into two groups, those which are expert systems (Laurig 
1985 (11), Karwowski et al 1985 (19), Taylor et al 1985 (22)), 
and those which retrieve information from a data base using 
keywords (Wegner 1985 (24), Mayfield et al 1985 (15)). Two of 
these systems will be discussed, one from each category. 
3.1.1 Keyword retrieval 
The first is an electronic design guide developed by HUSAT in 
connection to the MOD (PE) contract to produce a new handbook on 
human factors in the design of military computer systems. 
The data base was 
mircocomputer using 
Retrieval System). 
implemented on a Hewlett Packard hp 150 
micro-CAIRS (Computer Assisted Information 
Although this software was 01ginally 
bibliographic data, it was considered that it developed to handle 
contained many ready made features for manipulating textual data. 
Data is accessed by one of two means, Keywords or a full text 
search facility. "Each record on the data base has to be 
selected from a reading 
and each word is then 
of origina 1 sources. These are entered 
automatically listed for full text 
retrieval. In addition each record is annotated by HUSAT with 
"Keywords" which impose a conceptua 1 framework on the materia l. 
The distinction between "principles" and "guidelines" is one 
example. The distinction between advice on "organisation 
design", "job design", task design", and "user-computer interface 
design" is another. "Mayfield et al 1985 (15) 
19 
It has been found that accessing existing data in this way brings 
with it problems. For example a search on: 
LIGHTPENS + LIGHT + PENS reveals 2 records 
Whilst 
LIGHTPEN/S + LIGHT and PENIS reveals 21 records. 
The reason given for these differing results is that the first 
term specifies 1 ightpen, or 1 ight and pen, in the pI ura 1, where 
as the second search specifies lightpen(s) or light and pen(s) in 
both the singular and the plural. "Search problems can also 
arise from incorrect entry of records either through 
typographical or format inaccuracies. A simple spelling mistake 
will invalidate a search item and decrease the efficiency of the 
search process "Mayfield et al 1985 (15). 
Another difficulty was deciding upon what constitutes relevant 
advice. HUSAT have confirmed that a review of existing data 
reveals that advice is not always uniform (see appendix 1). It 
was established that data can range from "high level principles 
of uni versa 1 re 1 evance" through to standards and guide 1 ines of 
more specific relevance. It was decided that all types of data 
are useful for different tasks and at various stages in the 
design process. Therefore the data base contains a 11 types of 
advice which is "annotated" in order to establish its level of 
generality. 
It was also found that deciding upon how to keyword each file is 
a complex task, because authors of existing literature rarely use 
the same terminology or conceptual framework (see appendix 1). 
On this topic, HUSAT give an example of how a device such as a 
lightpen is discussed under various headings by different authors 
(eg, "graphics control method"; "graphics display"; 
unburdening") . 
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There are three criticisms to be made against a tool of this 
type. 
A At an information 1 eve 1, a 11 the data is stored and 
retrieved in the descriptive mode. The utility of this 
format for use by designers is questionable. It is perhaps 
a research requirement to explore how existing data might be 
retrieved in a more graphical format. 
In order to intirogate a system of this kind in an efficient 
manner, a sound knowledge of ergonomic terminology and the 
conceptual structure of existing data is required, and it is 
unlikely that designers would possess such knowledge. 
Therefore this tool is not directly usable by many 
specialists in the design community. 
C At a knowledge level such a tool does little to address the 
problems of the staid and conceptually 
existing data. Whilst this style of data 
rigid nature of 
base potentially 
allows a specialist to rapidly access relevant data, the 
difficulties of cross referencing individual data files 
remain. Essentially it is an electronic text book and does 
not permit the identification and exploration of independent 
variable interactions. 
3.1.2 An expert System 
The second data base to be reviewed uses an -expert system 
approach. The software was developed at Nottingham University 
(Production Engineering Management Department) - ALFIE (Auxiliary 
Logistics for Industrial Engineers)) Taylor 1985 (22). The field 
of ergonomics is divided into "subfields' which are represented 
as 'concepts" within the system. Concepts range from the very 
general such as "task" or "environment" to the very specific such 
as "pushing" or "heat stress". Whilst this hierarchical 
representation is very similar to the HUSAT approach, it differs 
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in that this system acknowledges that these "concepts" are not 
isolated entities. The field of ergonomics is therefore 
represented as a number of "concepts" linked together into a 
network. Such links identify the potential interactions between 
these concepts. Figure 1 displays an example "concept net". 
OVERALL DESIGN 
TASK 
CHARACTERISTICS 
PUSHING 
ENVIRONMENTAL 
CHARACTERISTICS 
Figure 1. An example "concept net". Reproduced from 
Taylor 1985(22) 
"These concepts provide the user with a means of moving around 
the system both providing and elliciting information as s/he 
goes .... 
Attached to each concept in the network are a number of "rules" 
which take the form of (CONDITION:ACTION) pairs and an optional 
default action. When a concept is activated the system examines 
the condition parts of each rule and performs the associated 
action for every true condition ....... examples of conditions 
are: 
OFFICE-ENVIRONMENT and SEDENTARY 
There are currently seven different types of action: 
EXAMINE another conept, 
INVOKE a model, 
COMPLY with another rule, 
UPDATE a factor, 
DISABLE a mode 1, 
ADVISE the user, 
ENABLE a mode 1 , 
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The EXAMINE action automatically activates another concept. The 
FOLLOW action leads to the evaluation of another rule. There are 
two other types of object within the system. The first is a 
"factor". Examples of this have already been met, OFFICE-
ENVIRONMENT and SEDENTARY. A factor represents logical 
predicates .... which is either true or false, and numerical 
ranges for quantitative information ..... . 
The final type of object in the system is a "model". A model is 
an equation which states the"relationsihps between factors. An 
example would be: 
EFFECTIVE-TEMPERATURE = O.85*WET-BULB-TEMP+O.15*DRY-BULB-TEMP" 
Taylor 1985 (22). 
These models are used to build an "influence net" between 
factors, that in turn demonstrate the inter-relationships between 
factors and ultimately concepts. Taylor 1985 (22) cites an example of 
an influence net involving a heat stress model see fig 2. 
EFFECI1VE TEMP 
HEAT STRESS 
MODEL 
/ ~ 
I WET_BULB_TEMP I DRY BULB_TEMP I 
Fig.2 The influence net (dashed lines) between factors. 
Reproduced from Taylor 1985 (22). 
"thus WET-BULB-TEMPERATURE and DRY-BULB-TEMPERATURE are 1 inked 
since any change in the former could change the latter." 
1985 (22). 
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At present this tool is technology oriented. Many of the terms 
(f:I~~J. are forbidding to a computer novice and the screens are -versal 
and poorly structured. 
At a knowledge level a system such as this would appear to offer 
promise in that it automatically identifies relevant human 
factors, and so guides an ergonomic novice towards key issues; 
during an interaction it allows the user to make "what if" 
speculations, and so permits the analysis of the merits and 
limitations of selected working conditions. More importantly the 
system also enables the user to identify relationships between 
these factors. 
Essentially the format allows the user to explore design concepts 
during the early analytical phase of the design process, in a 
~ very natural, itJerative manner. The system has the ability to 
invoke appropriate models, and works with numeric ranges. It can 
therefore offer advice even in those situations where the user 
can only provide a small amount of data, of which s/he is unsure. 
As noted, this vague nature of knowledge is very typical towards 
the beginning of a project, and often precludes the use of 
available data at this stage in the design process. As this 
awareness is refined during the development cycle, the system can 
gradually offer advice at an increasing level of accuracy. In 
this way the structure of the data base is able to paralle 1 the 
major steps of the design process. This type of tool is 
potentially very relevant to real world problems, and would 
therefore be more correctly termed? knowledge base. 
Due to these apparent advantages it was decided that an expert 
system approach would provide a suitable development vehicle. 
Therefore the Nottingham based ALFIE system was used to 
demonstrate the arguments outlined. 
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3.3 A PROTOTYPE HUMAN-COMPUTER INTERFACE FOR FREE ACCESS TO AN 
ERGONOMICS KNOWLEDGE BASE 
3.3.1 Design Development 
For the purposes of the project a particular ergOn~iCS 
selected. Strength data of the arm was identified and 
of literature was conducted (see appendix 1). 
area was 
a rev iew 
Concurrent wi th thi s work concept proposa 1 s were deve loped for 
the interface. Ideas were explored that would allow industrial 
designers to establish the arm strength of subjects in different 
body positions, this being an important design requirement. As 
this format developed the literature review was consulted to 
identify source data which might service such an interface. 
A study by Davis and Stubbs 1975 (see appendix 1 (35)) appeared 
to be a promising option. This investigation developed a series 
of two dimensional "force maps" of subjects in a variety of body 
postions. In order that the data base might be comprehensive the 
"force maps" were combined to form a three dimensional model. 
The approach adopted described a series of operator reach zones 
via a three dimensional grid, each of which could be notated 
with a force capability. The proposed manner of representing the 
compound curve of each force map, proved to be mathematically 
complex. Ideas were also generated for screen output formats, 
fig 3 displays some of this work. 
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Fig 3. Early concept proposa 1 for screen output - three-
dimensional, comprehensive knowledge base. 
As this phase progressed it became apparent that the task of 
constructing a comprehensive, three-dimensional force data base, 
whilst possible, would require excessive effort and so the effort 
concentrated on displaying the desirable principles via a non-
comprehensive force data base. 
The research focus also moved to explore how other independent 
variables such as the sex and age of a subject, as well as the 
frequency and duration of exertions, might affect final strength 
scores. Seminal relationships were eventually identified from 
some of the reviewed literature. (see 3.4.3 for details). 
3.3.2 A prototype Human-Computer Interface 
The final prototype knowledge base contains information about the 
isometric strength of a seated operator, and can advise on one 
handed exertions. The tool will be referred to as SOPHIE (Seated 
Operator-Prediction of Human Isometric Exertion). 
It was determined that it would be desirable if SOPHIE could be 
made mobile for the purpose of field trials. This necessitated 
the development of a terminal emulator package. Access to the 
ALFIE system is gained through an Atari 800 personal computer via 
a modem. Fig 4 illustrates the system architecture. 
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Fig 4. The system architecture of SOPHIE 
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The "influence net" within the system has 7 attributes , dealing 
with the sex, age and body position of the operator , as well as 
the force direction, contraction duration , frequency and 
available working time of the exertion(s). Once the "concept" 
human strength is activated the user enters into a mixed 
question/ answer and menu type dialogue . 
In the graphics mode of the Atari , the screen is split into two , 
the upper section provides for a 160*80 pixel graphics window and 
the lower section provides for A 4 line text window . It is in 
the latter section that data received from Nottingham , and the 
Atari keyboard is displayed. Figs 7-22 display a sample 
interaction with SOPHIE . 
Fig 5 Title page welcomes the user into the system and 
informs the user when a connection with ALFIE is made . 
The user types in GUIDE to activia t e the concept : human 
strength . 
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Fig 6 
Fig 7 
The user enters into a question-answer interaction , and 
is first asked for the body position of the operator. 
If the user answers YES to the first question the 
screen is redrawn to display the relevant options, and 
is then asked to make a selection . 
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Fig 8 
Fig 9 
The selected body position is re-drawn , and the user is 
asked whether a force direction can be supplied. Seat 
Reference Point (SRP) is also displayed to allow exact 
identification of the hypothetical control. 
If the user answers YES to the above question s/he is 
asked to select one of the displayed options . 
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Fig 10 
Fig 11 
The selected body position and force direction is re-
drawn . The user is then asked whether s / he can provide 
the sex of the operator . 
If the user answers YES to the above question s/he is 
asked to make a selection . 
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Fig 12 
Fig 13 
The user is asked for the age of the operator , if s/he 
answers NO then the interaction jumps to fig . 14. 
If the user can provide an age values/he is given the 
range constraints and asked to input the values . 
Fig 14 
Fig 15 
The user is asked whether s / he can provide the duration 
of each exertion. If s / he answers NO the interaction 
moves to fig 16. 
If the user can provide a contraction duration s / he is 
given the range constraints and asked to input the 
value . 
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Fig 16 
Fig 17 
The user is asked whether s/he can provide a value for 
the frequency (total number) of the contractions . If 
s / he answers NO then the interaction moves to fig 18 . 
If the user can provide a frequency value , s/he is 
given the range constraints and asked to input a value . 
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Fig 18 
Fig 19 
The user is asked whether s/he can provide a value for 
the total period that is available in which to perform 
the work . If s/he answers NO then the interaction 
moves to fig 20 . 
If the user can provide a value for t he shift duration 
s/he is given the range constraints and asked to input 
a value . 
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Fig 20 Having satisfied the question and answer session the 
system offers a predicted force on the basis of the 
available information 
The first section of an interaction cuyiminates with the advice 
frame , and the dialogue becomes user initiated . At this point 
the user is able to it¥erate the interaction in order to explore 
the consequences of different operator or task attributes, by re-
examining any of the inputted values . A sample interaction at 
this stage might be : 
REF SEX 
REF CD 
ACC 
(Operator sex is marked for alteration) 
(Contraction duration is marked for alteration) 
(Requests sent for system accommodation) 
ALFIE would come back to the user and request new values for 
these attributes . 
exertion direction 
graphics as required . 
If the body 
is refuted 
posi tion of the 
SOPHIE alters 
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o perator or the 
t he associated 
In this way the user is able to examine different workstation 
layouts, with an unlimited number of task conditions performed by 
many different operator types. In addition to this the system 
has a default ability which allows the user to be unsure about 
input values. Indeed the only compulsory data is the operator 
sex, body position, and the exertion direction. So, for example, 
the user can refuse to input a value for the operator age, and 
the number of exertions to be performed. The system has 
sufficient artifical intelligence to "infer" values for these 
variables. This operation can be repeated for any two of the non 
compulsory variables. However, as noted the accuracy of the 
answer depends upon the quality of the input afforded by the 
user. 
If the user has any dialogue queries during the interaction s/he 
can ellicit simple descriptive advice, which appears in the text 
window, by typing in a ? 
3.4 THREE LEVEL CRITIQUE OF THE PROTOTYPE HUMAN/COMPUTER 
INTERFACE 
3.4.1Data level 
The 160*80 pixel graphics window on the Atari has a rather low 
resol ution. As a resu 1 t any text generated in this portion of 
the screen is a little difficult to read, especially blue on 
black characters. In addition to this, characters generated in 
the text window are always out of focus and require high contrast 
and low brightness settings for normal reading. Unfortunately 
such adjustment tends to set the graphics portion at an 
inappropriate level. 
The low resolution also results in pictograms which are difficult 
to interpret if they are too small, as is the case on the menu 
selection screen (see fig 7). In order to offset this shortfall 
two large seated figures were provided on the title page (see 
fig 5) in order to establish the theme of a seated operator. 
This perceptual clue was enhanced by providing two views from 
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opposite directions. In addition to this, the use of different 
colours for the operator figure (orange); the handle (green); and 
force direction arrows (blue) avoided further confusion by 
providing a clear and consistent formatting aid on all the 
screens. 
3.4.2 Information Level 
It was unfortunate that only 4 lines were available for the 
descriptive advice. This limitation necessitated the use of 
abreviations such as: CD-contraction duration; SD-shift duration; 
F-frequency. In addition to the extra memory burden placed upon 
the user, it meant that there were situations in which passages 
had to be over-concise. This was particularly true on the advice 
frame (see fig. 19). 
Whilst the use of abreviations is undesirable initially, it does 
mean that once users have committed them to long-term memory, 
interactions in the user initiated dialogue are shortened. 
It is considered that the question-answer type dia logue of the 
main interaction is particularly appropriate for this 
application. In addition to the small amount of training 
required, and its overall ease of operation, it acts as a prompt 
guiding the ergonomics novice through the relevant variables of 
human strength. As well as allowing access to existing data it 
fulfills a tutorial function. 
In accordance with designer information requirements all the 
physical data is represented in a graphic format. This provides 
a clear representation of the body position, and force direction 
under analysis. However, it is undesirable that the user has to 
select the operator body position from a limited number of 
options. Ideally the designer should be able to define the 
desired position. This shortfall was due to the limitations 
of the available data and development time. 
39 
A future development of this particular interface would be to 
extend the graphics capability to allow the designer to input a 
representation of the workstation layout. SOPHIE would then plot 
the outline of selected operator percentiles. This is really the 
only accurate way of defining the operator body position. With 
the present interface the designer would have to transpose the 
displayed information onto some kind of sketch or engineering 
drawing. This is inconvenient, and could potentially lead to 
inaccuracies. 
3.43 Knowledge Level 
In addition to the user interface, SOPHIE is essentially a data 
file within the expert handling system (ALFIE). This data file 
contains 1 concept, 15 rules, 23 factors and 32 models. The 
"concept network" was constructed from data drawn from 6 strength 
test studies. 
If the models within SOPHIE are to establish a representative 
"influence net" for accurate simulation, these studies must be 
campatible. That is, it must be possible to identify common test 
conditions to allow cross referencing. 
The above studies were carefully selected from an extensive 
literature review on this topic involving 129 published articles 
A,)i): (see appendix 1). This material was chosen for its sUitabNy in 
terms of experimental design, and the relevance of identified 
relationships. The reader is, therefore, asked to assume that 
this material represents some of the most suitable data that is 
available from existing literature. 
The general approach of the system is simple in concept. A peak 
value is established for a 22.8 year old male subject in a 
particular body position, exerting a force in a given direction, 
for an extremely brief contraction (3 seconds) as reported by 
Thorsden et al 1972 (Appendix 1 (124). This value is assumed to 
be a maximum strength, and is subsequently adjusted for variables 
such as sex, age, the number of contractions to be performed, and 
the duration of each contr·action. 
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If SOPHIE was confined to making predictions for 22.8 year old 
male subjects permforming a single, brief contraction (ie. 
drawing data from only 1 study) then there is little doubt that 
the advice given would be fairly accurate. However, this is 
rarely the case, so let us assume that this hypothetical, maximum 
J.i strength, is i1tiallY adjusted for a single independent variable; 
that is age. 
The model that describes this particular relationship was 
constructed from data observed during a study by Asmussen, 
Heeboll-Nielson 1961 (Appendix 1 (4). The study measured the 
isometric strength of 360 men and 250 women aged between 15 and 
60 years. The body position involved the subject sitting in an 
erect posture, reaching forward to grasp a handle at shoulder 
height with the elbow flexed at 90 degrees. The seminal 
relationships identified were established after observation of 
thumb and hand grip pressure, as well as strength scores from a 
variety of overall arm contractions. It was not reported how 
long each exertion lasted, or the type of strength observed (ie 
peak or some sub-maximal score). 
Although this was the most suitable study which could be located, 
it is possible to see that the muscle groups and the testing 
postures involved do not correlate with the corresponding 
conditions reported by Thorsden et al 1972 (see Appendix 1 (124). 
Furthermore, it is only possible to speculate whether the length 
of each-contraction and the type of strength under observation, 
were the same. In this context it is highly questionable whether 
or not cross referencing these studies in this way is valid. 
Let us now assume that in addition to age, the initial strength 
score has been adjusted for the length of each contraction, and 
the total number of contractions to be performed. For the sake 
of argument, assume that these additiona 1 variables invol ve a 
relatively long contraction duration (1 minute), and that the 
subject is required to perfor~ 50 of them. The data to describe 
these relationships were drawn from studies by Monod Scherrer 
1985 (Appendix 1 (94) and Pottier 1964 (Appendix (lOO)) neither 
of whom reported many test conditions. For exampl e, Monod 
Scherrer 1985 did not report the sex, age or body position of the 
subjects. 
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However, if one is willing to ignore these shortfalls, what is 
discovered is that the interaction of these variables essentially 
reduces the amount of force that a subject can exert. Therefore, 
under the hypothetical task conditions, a subject may only be 
able to exert 40% of their maximum strength. If this value is 
now altered for sex, what is discovered is that all the available 
literature describes the percentage difference of instantaneous, 
peak or maximal strength between the sexes (see Lauback 1976) 
(Appendix 1 (76)). However, the system at this point is in fact 
dealing with prolonged submaximal exertions, in which the 
differences due to sex are likely to be far less pronounced. 
The inaccuracies which result from these inriompatibilities of 
source data are likely to be cumulative. For example, most 
studies of strength differences due to sex involve young able 
bodied subjects. Therefore, are differences in sex-related 
strength the same at 65 years as they are at 25 years There is 
no reason to believe that relationships identified during such 
studies are applicable to older people. Indeed what is clear 
from the literature is that the two sexes develop and decline in 
muscular strength at distinctly different rates. Given these 
differences due to sex and age it seems probable that the task 
relationships for frequency and contraction duration are also not 
applicable to older subjects. 
A large part of this problem is that there has not been 
sufficient co-ordination to achieve standardisation in research 
method and terminology for the cross referencing techniques 
described above. It needs to be accepted that advice offered by 
a data bank such as SOPHIE, whilst relevant, is probably 
inaccurate. As such a "concept network" based on existing 
ergonomic data is not a practical proposition at the present 
time. 
However despite these shortfalls two arguments are proposed. 
Firstly this tool is the best that is possible within the 
constraints of existing literature, and secondly it offers a 
signifiqant improvement to the problems of accessing existing 
literature. The latter hypothesis was tested during an 
evaluation study. 
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3.5 AN EVALUATION STUDY OF A PROTOTYPE HUMAN-COMPUTER INTERFACE 
FOR FREE ACCESS TO AN ERGONOMICS KNOWLEDGE BASE 
3.5.1 Methods and procedures 
The subjects were 15 industrial design students from Leicester 
Po 1 ytechnic. Of these 15, 3 were graduate students enrolled on 
the MA course, and the remaining 12 were undergraduate students 
enrolled on the BA course, of which 4 were in the 2nd year, and 8 
were 3rd year fina lists. In accordance with the CNAA 
requirement saIl the sub ject s had pas sed '0' 1 eve 1 maths, and 4 
of them had successfully taken 'A' level maths. 11 of the 
subjects had at least one of the sciences at '0' level and 4 had 
biology, chemistry and physics. 
Two tasks were set. The first had to be completed with 
assistance from paper-based ergonomics data. This information 
was that used to construct the "concept network" within the 
computer based system used in the second task. In addition to 
this a calculator, ruler, set square and writing equipment were 
supplied. 
The instructions for the first task read as follows: 
"You are required to design the cockpit of a new space craft. 
Some problems have arisen concerning the design of a hand 
operated control that you are now asked to consider. 
The handle is located on a panel above the pilot's head, its 
exact position is 10 inches left of SRP, 47.3 inches above SRP, 
and 0 inches forward of SRP (SRP stands for Seat Reference Point, 
a term with which the subjects were familar). 
The handle is operated by exerting a force in a downwards 
direction. The pilot can potentially use this control many times 
during the entire space flight, which would never be any longer 
than 4 hours (240 minutes). It is known that a constant pressure 
has to be exerted on the handle for 1.5 minutes each time the 
handle is operated. 
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Power assist.ance is expensive,and so you are asked to estimate 
the maximum operating force that a 45-year old female pilot would 
be able to safely exert on this control. You are also asked to 
predict how many times such a pilot would be able to operate this 
control under the given and predicted conditions. 
Please take care with your calculations. I am interested in the 
accuracy of your answer. If at any point you encounter a 
difficultly which after careful consideration you can not 
overcome, you are allowed to ask for assistance. In such an 
event I will answer any question you put to me, but I will not 
volunteer any information". 
The second task had to be completed with the assistance of 
SOPHIE. The instructions for this task read as follows: 
'You are required to design the cockpit of a new one-man 
submarine. Some problems have arisen concerning the design of a 
hand operated control that you are now asked to consider. 
The handle is located on a panel which is forward and to the left 
of the operator and which is at shoulder height. The handle is 
in a vertical orientation, and its exact position is 23cm left of 
SRP,58cm above SRP, and 63cm forward of SRP. 
The handle is operated by exerting a force in a forward 
direction. The submariner can potentially use this control many 
times during a journey, which would never be any longer than 8.5 
hours (510 minutes). It is known that a constant pressure has to 
be exerted on the handle for 2.0 minutes each time the handle is 
operated. 
Power assistance is expensive, and so you are asked to estimate 
the maximum operating force that a 65-year old male submariner 
would be able to safely exert on this control. You are also 
asked to predict how many times such a person would be able to 
operate this control under the given and predicted conditions. 
Please take care with your calculations. I am interested in the 
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accurancy of your answer. If at any point you encounter a 
difficulty which after careful consideration you can not 
overcome, then you are allowed to ask for assistance. 
event I will answer any question you put to me, but 
volunteer any information." 
In such an 
I wi 11 not 
To avoid any order effect the subjects were divided into two 
groups (group 1-7 subjects, group 2-8 subjects). Group 1 
completed task 1 first, followed by task 2, Group 2 completed 
task 2 first, followed by task 1. 
In order to minimise any learning effects the subjects were given 
a tutorial to prepare them for each task. Briefly, for task 1 
the meaning of each chart and graph was explained. Following 
this, a solution to a conceptually similar, but unrelated problem 
was demonstrated on a step by step basis. This reminded the 
subjects of cartesian graph and chart reading techniques, as well 
as introducing cross-referencing methods which were required to 
solve the set problem. 
For task 2 the computer dialogue was explained and the subjects 
were allowed to complete a trial run in order to familiarise 
themselves with the software. For each subject the following 
data were recorded during both tasks: 
i) The number of times that assistance was required 
ii) The length of time taken to reach their answers 
iii) The calculated values to the set problems observations 
concerning the type of assistance required 
iv) The nature of any mistakes made. 
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3.52 RESULTS 
The results from the two tasks are displayed in table 1+2, 
Figures 21+22+23 illustrate this data in a graphical format. 
~ubject No. Force Answer force Ratio lWeAnsw.r Rate Ratio TlDle to Answer Assistance 
(seconds) Ft.qumcy 
I 425.30 4.02 100.00 1.42 1100 2 
~ 0.00 0.00 0.00 0.00 2100 8 
jJ 238.19 2.25 68.80 0.98 2005 4 
263.10 2.49 60.00 0.85 982 3 
IS 425.35 4.03 )0.00 0.43 1787 4 
6 117.86 1.12 112.00 1.59 1727 0 
~ 242.18 2.28 48.00 0.68 2027 9 
234.00 2.21 12.00 0.17 680 I 
9 37.00 0.35 96.00 1.36 1325 I 
10 182.90 1.73 64.00 0.91 1385 2 
11 210.48 1.99 80.00 1.14 1410 4 
12 233.31 2.21 32.00 0.45 2025 13 
13 416.58 3.94 160.00 2.27 995 6 
14 107.66 1.02 58.66 0.83 1445 11 
15 111.00 1.05 61.00 0.87 1181 4 
~ean 216.30 65.50 . 1472 4.8 
~viation 132.00 40.86 456 3.86 
Table 1 results gained from the paper based task 
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~ubject No. Fon:e Answer Force Ratio Rate Answer Rate Ratio TIme to Answer Assistana 
(seconds) Frequency 
1 313.78 1.00 107.97 1.00 570 2 
~ 313.78 1.00 107.97 1.00 625 6 
3 313.78 1.00 107.97 1.00 436 0 
313.78 1.00 107.97 1.00 309 2 
313.78 1.00 ·107.97 1.00 410 2 
6 313.78 1.00 107.97 1.00 483 3 
7 313.78 1.00 107.97 1.00 1185 6 
8 662.97 2.11 2.00 0.01 339 0 
9 313.78 1.00 107.97 1.00 523 3 
--
10 206.25 0.66 107.97 1.00 286 1 
11 313.78 1.00 107.97 1.00 594 5 
12 313.78 1.00 107.97 1.00 841 7 
13 313.78 1.00 107.97 1.00 340 3 
14 313.78 1.00 179.95 1.67 345 1 
15 313.78 1.00 107.97 1.00 353 3 
iM= 329.89 105.70 509 2.93 
SIandard 
tDeviation 
96.21 34.16 235 2.19 
Table 2 results gained from the computer based task. 
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FORCE SCORE RATIO 
Figure 21 Force answers expressed as ratios. 
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RATE SCORE RATIO 
Figure 22 Rate answ~rs expressed as ratios. 
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Figure 23 Time taken to complete the set tasks. 
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3.53 DISCUSSION 
The predicted force and frequency va 1 ues are considerably more 
() accurate when calculated via the computer based system. It is 
interesting to note that the majority of the subjects predicted 
force limits using the paper data that were significantly larger 
than the value which the data should have yielded. In two cases 
the predicted values wer~ 4 times larger than the correct answer. 
This is contrasted by the computer based force answers in which 
13 of the 15 subjects calculated the correct value, only one 
subject provided an answer which was significantly inaccurate, 
being approximately twice the required value. 
A similar situation is seen with the frequency answers; 13 of the 
15 subjects calculated the correct value using the computer. 
There appear s to ha ve been 1 es s er ror dur ing the frequency 
calculation, using the paper data. Six of the subjects managed 
to achieve a frequency score ratio that lies between 5.75 and 
1. O. 
As expected, the two methods yielded significantly different 
answer times. The mean completion time was almost 3 times 
longer for the paper based task; 4 of the subjects took over half 
an hour, and 10 took over 20 minutes to calculate their answers 
~n this way. This is sharply contrasted by the computer based 
answer times in which 12 of the 15 subjects arrived at their 
predicted values in less than 10 minutes, with the fastest time 
being less than 5 minutes. 
Observations relating to error types during the two tasks are 
revealing. For the computer task almost all of the questions 
asked, and errors made, related to simple dialogue 
misunderstandings. A common fault was entering time values in 
h 0 u r s rat her t h a n m i nut e s . I n add i.t ion tot his , 
mi sunder standing s occurred over the term frequency. Some 
subjects were unsure whether this represented a rate of work, or 
an abso 1 ute number of exertions. At a more fundamenta 1 1 eve 1 3 
of the 15 subjects during this task confused the terms 
'frequency' and 'contraction duration '. Al though the subjects 
had been told that frequency was an unknown variable, two of them 
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entered the contraction duration as a frequency value. However, 
this may have been a simple misunderstanding. of what the computer 
was asking for, rather than an invalid perception of what the 
terms meant. 
Fig No. 24 displays a flow chart of the sequence of requried 
calculations to reach the paper task answer. 
~A During calculation No.3, many sfbjects wrongly assumed that they 
had adjusted the force figure for sex as well as age because the 
age curves were labelled male and female. 
During calculations Nos. 4, 5 & 6 many students were guilty of 
inaccurate graph reading. 
At a more fundamental level many students found it very difficult 
to grasp the concept that the calculated force figure from 
calculations Nos. 1 & 2 represented an optimum value that would 
have to be adjusted for the given subject and task variables. 
For this reason some subjects did not progress beyond calculation 
No. 2 offering this figure as a final answer. Those who did 
attain a better grasp of the situation and progressed further 
found it very difficult to interpret many of the given 
relationships due to the terms used to express them. The most 
notorious among these were "work-rest ra tio" (ca lcu 1 ation No. 6) 
and "% exertable force" (calculations No. 5 & 6) . 
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1 
2 
3 
4 
5 
6 
SEQUENCE OF 
CALCULATIONS 
Locate body 
position from 
provided 
6 
Read off force 
value for given 
exertion direction 
I 
Adjust force figure 
for age difference 
I 
Adjust force figure 
for sex difference 
Adjust force figure 
for contraction duration 
difference 
I 
Adjust force figure 
for frequency difference 
INFORMATION PROVIDED 
Graphical representation wit!-
associated hand position 
figures 
Graphical representation 
with associated table of 
force figures 
Cartesian graph showing % 
force against age for men 
and women over arms & legs 
Distribution graph showing 
the % difference of strength 
in men & women for various 
body segments 
Cartesian graph showing 
contraction duration time 
agains % exceptable force 
Cartesian graph showing 
% excertable force against 
work - rest ratio. 
Fig 24 The sequence of calulations during the paper 
based set problem. 
53 
4.0 CONCLUSION 
Available evidence appears to suggest that industrial designers 
generally adopt a technology orientated approach that results in 
many consumer products that are poor when considered within user 
centred issues. However, future technological, social, legal, 
and political developments will have serious commercial 
implications for those manufacturers who produce products that do 
not meet basic utilitarian requirements. 
This suggests that consumer product designers will have to 
embrace a greater ergonomics input, from the early analytical to 
the fine tune development stages of the design cycle. Better 
education and professional training in both design and ergonomics 
fields will be required to bridge the distinctly different 
philosophies of these disciplines. 
However given that a new level of understanding can be achieved 
between these respective disciplines, the difficulty of applying 
existing ergonomics knowledge to design situations will remain. 
Scientific method is based on reductionist thinking, whereby real 
world situations are modelled by a series of precisely defined 
independent and dependent variables. 
Independent variables are held constant whilst dependent 
variables are permitted to vary. However such control is 
artificial and in the real world all of the variables fluctuate. 
Therefore if individual information components are to be relevant 
beyond those limited task and operator conditions under which the 
data was collected, different studies have to be cross-referenced. 
In order for this to be possible research conditions between 
different studies must be compatible. However, much of the 
literature was never gathered with application demands in mind 
and so standardisation in test terminology and procedure does not 
exist. Therefore such interactive combination of source data 
does not at present seem feasible. 
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It was also argued that design knowledge is time related, being 
vague towards the beginning of a development effort. Therefore 
existing ergonomics knowledge is restricted to a cosmetic input 
during the latter stages of the design cycle because it cannot be 
Arinte10gated without precise parameters. 
Within this framework the notion of an ergonomics knowledge base 
that permits the interative combination of source data, and which 
accommodates the fluctuating knowledge of the design cycle was 
introduced. 
A number of existing computer tools were reviewed and it was 
concluded that an expert system approach would best suit the 
described application requirements. 
A prototype knowledge base was developed which contains arm 
strength data. This tool was assessed during an evaluation study 
involving 15 indust'rial design students. Although the sample 
size was not statisically significant, and the task undertaken 
non-exhaustive, it is considered that the results provide 
reasonably accurate indicative feedback. 
From this study it was apparent that answer times, and accuracy 
of results were significantly improved with the use of the 
computer tool. It was also apparent that the ability of the 
subjects to relate to the structure and mechanics of inteJogation 
I 
of the available knowledge (as assessed by the number and nature 
of mistakes made during the given tasks) was significantly 
enhanced by the use of the computer tool. 
Two conclusions were drawn from this work; 
/ i) The inte1.0gation of existing data via this tool is more 
accurate than traditional methods. 
ii) This tool overcomes many of the interface problems of 
existing literature (access time; user ergonomics expertise; 
relevance; format ie graphical rather than verbal) 
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Therefore it appears possible to construct a computer knowledge 
base that can accommodate the data, information and knowledge 
requirements of industrial designers. However at present there 
is insufficient standardisation in source data to allow accurate 
advice to be drawn from such tools. 
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6.0 APPENDIX 1: HUMAN MUSCULAR STRENGTH & ENDURANCE - A REVIEW 
OF THE LITERATURE 
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6.1 METHOD OF MUSCULAR CONTRACTION 
Isometric and isotonic are terms that are concerned with the 
internal muscle effort of an exertion, they do not describe the 
external effort or load. 
"Isometric asserts that the length of the muscle stays constant 
during contraction, but does not specify the muscle tension. 
Isotonic indicates that the tension of the muscle stays constant 
during its contraction, but does not specify its length.". 
Kroemer 1970 (69). 
The term strength is often used to mean an isometric exertion, in 
which:-
"muscle length does not change, and attached body segements 
remain motionless. If there is no motion the term static may be 
used interchangeably with isometric." Kroemer 1970 (69). 
Dynamic indicates whether motion accompanies muscle tension. A 
static effort results in force or exertion, but not in mechanical 
work. It seems that the term isotonic is regularly misused in 
strength testing. It simply means constant muscle tension, but 
has been employed to describe a dynamic effort. Due to differing 
biomechanical advantages during the range of joint motion and the 
effects of mass deceleration a dynamic effort does not involve 
constant muscle tension and therefore cannot be considered 
isotonic in nature. (See Carlson 1970 (21) Bender and Kaplan 
1966 (7)). This confusion over terminology has hampered debate 
and the issue of how accurately dynamic force may be calculated 
from static figures remains unclear. 
From a review of many studies on this subject, Hunsiker and Greey 
1957 (62) concluded that there is a difference between static and 
dynamic strength (defined as a single maximum effort with the 
subject in a fixed position) and dynamic strength (defined as 
repetitious efforts) and that the mathematical relationship 
between the two is not high. 
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Singh and Karpovich 1966 (113) concluded that it is possible to 
predict dynamic strength from static strength and vice versa, but 
only for the same muscle groups. 
Kogi, Mueller and Rohmert 1965 (68) using a two hand ergometer 
compared the isometric strength at 12 different crank positions 
with dynamic force measurements, carried out for 30 minutes at 60 
revolutions per minute, at various outputs. 
shown in fig 25 . 
• PM 
---. STATIC 
-DYIWIIC 
8 
7 
3 
2f~~ ~9o- 180" 270" 360' 
The resu 1 ts are 
Figure 25 Results of static and dynamic strength tests as 
reported by Kogi, Mueller and Rohmert 1965 (68). 
The authors observed that the nature of the curve remains 
essentially unchanged with an increase in output. The curves 
possess two maximum points at 90 and 270 degrees, the exertion of 
strength was always greater with pulling than it was with 
pushing, and the strength curves at high dynamic outputs 
approach, but never reach the maximum isometric strength. 
Asmussen Hansen and Lamert 1965 (3) reported a correlation of 
0.80 between dynamic (at a velocity of 15% arm length per second) 
and static strength. 
Carlson 1970 (21) studied the elbow flexor muscles, observing the 
mean isometric strength to be 78.1 Ibs. and the mean dynamic 
strength to be 68.3 Ibs. which is a difference of 13%. He 
demonstrated the correlation co-efficient between dynamic and 
static strength to be 0.83. 
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Berger and Henderson 1966 (9) during a study of 66 male subjects 
the purpose of which was to determine whether static or dynamic 
leg strength is more related to leg power concluded: 
"Although there was no significant difference in the 
relationships of static to dynamic strength to power, this does 
not indicate that static strength can be predicted with a high 
degree of accuracy from dynamic force or vice versa. This was 
shown by the correlation co-efficient of 0.6 between static and 
dynamic leg strength which means that the accuracy of prediction 
isonly36%." 
More recently Garg, Mital and Asfour 1980 (48) reported: 
"The findings of the study indicate the need to exercise extreme 
care in the use of static strength tests to determine dynamic 
lifting capability. The issue of how best isometric strength 
should be measured to estimate dynamic lifting capability with 
reasonable accuracy remains unresolved." (Garg, Mital, Asfour 
1980 (48)). 
6.2 TECHNIQUE OF FORCE EXERTION 
Various types of muscular contraction have been discussed, 
(isometric, isotonic). However, it is possible, for example, to 
perform an isometric exertion by a variety of techniques. The 
exertion can occur over varying durations, the force may be 
applied suddenly in an explosive manner, or gradually increased 
to a maximum and held at a certain level for a fixed period of 
time. To assess the 
Kroemer and Howard 
effects of different ways of exerting force, 
1970 (70) measured the maximum voluntary 
strength of handgrip. Subjects were asked to employ various 
exertion strategies for each handgrip strength. The three 
techiques employed were a jerk, in which the subject suddenly 
jerked the handle as hard as possible, releasing on the 
attainment of the peak. Secondly a gradual increase to a maximum 
releasing at the peak, and thirdly a constant squeeze for a fixed 
period of time (5 seconds). 
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It was discovered that the "jerk" and increase to maximum type 
exertion produced a result of 55.4 Rp, and 52 52 Rp for the 
"hold" type exertion. The authors summarised by saying: 
"These results provide additional support for the 
contention that instruction set exerts an influence on the 
measure of strength, and without explicit instructions subjects 
tend to develop their own exertion strategies." 
6.3 FREQUENCY 
During a 1963 study Molbech (92) determined the maximal isometric 
force in muscle groups during movements of thumb pressure, hand 
grip, horizontal pull, and leg extension with one leg. 
Molbech concluded: 
"It is suggested, in agreement with the adopted practice 
concerning aerobic capacity, that 50% of the maximal steady 
state force at the frequency in question should be a suitable 
upper limit for the repeated isometric muscle contractions during 
the work day." 
Jorgenson and Poulsen 1974 (66) conducted a study on repetitive 
lifting of loads from the floor on to a table, performed by 4 
female and 4 male subjects. 
Jorgensen et al concluded that: 
"In repetitive submaximal lifting both the capacity of the oxygen 
transporting system and the muscle strength in the back act as 
limiting factors, if the accepted physiological limits are not to 
be exceeded". 
Garg and Saxena 1982 (49) carried out a study to determine the 
maximum frequencies acceptable to female workers for one handed 
lifts on the horizontal plain. Ten female college students 
lifted continuously three different loads to two different 
distances (38cm and 63cm) on a 91cm high work table, they 
concluded: 
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"B,oth the weight of the load and the lifting distance have a 
significant effect on the maximum frequency acceptable to the 
subjects for one handed lifting in the horizontal plane". 
This is in agreement with Garg Mital and Asfour 1980 (48) (see 
method of muscular contraction). 
Legg and Pateman 1984 (78) conducted a study to determine the 
relationship between lifting rate and the time taken to reach 
exhaustion, from these results it was estimated that: 
"The upper limit for repetitive lifting over an 8-hour work day 
in industry might be 23% of vo2 maximum". 
Whilst this figure is in general agreement with the Legg and 
Myles 1981 (79) figure of 21% vo2 max for healthy young males, it 
is half the recommended figure by Molbech 1963 (92) which was 50% 
vo2 max. 
M i ta 1 1984 (91) conducted a study to determine the max imum 
acceptable weights of lift for male and female workers for 
extended work shifts. It was discovered that as the frequency of 
1 ift increased, the maximum weight of 1 ift decreased. The 
maximum weight of lift acceptable to males at 12 lifts per minute 
was 69% of their exertable force at one lift per minute. For 
females the corresponding figure was 76%. In general it was 
found that the effect of frequency was more marked in males than 
females. 
Mital 1984 (89) in a further study 
(116), Ayoub et al 1978 (5), and 
combined data from Snook 1978 
Mita1 1984 (91). From thi s 
comprehensive data base of maximum weights of lift for an 8 hour 
work shift, it was discovered that the maximum weight of lift 
acceptable to males at 12 lifts per minute was 71% of that 
acceptable to them at one lift per minute, the corresponding 
figure for females was 78%. Again it was shown that females were 
less affected by the frequency than males. 
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6 . 4 ENDURANCE 
Monod 1985 (94) reports that the maximum isometric contraction 
time is related to the force exerted by an hyperbolic relation 
(see fig 26) 
It can be seen from fig. 26 that the critical maximum voluntary 
contraction is approximately 20%. Exhaustion of a muscle group 
at work rates above this level 1S mainly due to ischaemia created 
inside the contracting muscle. 
The effects of ischaemia have been demonstrated in various 
studies by restricting the blood supply to the muscle groups. 
Contraction durations are longer when the blood supply is 
unhindered. 
" 
'0 
~ A w 
! 
-E 
::l 
10 
o 
o , '0 1~ IDO fl1rL' [p 100) 
Figure 26 The relation between contraction duration and 
exertable force reprinted from Monod 1985 (94). 
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Contraction durations are therefore longer when they are 
separated by rest periods, which allow for better muscular 
circulation. This ratio of work to rest is an important factor 
in endurance testing (see fig 27) 
Force' 
10 
I I 
Q20 0.40 Q60 QBO lDO 
Work- rest ratio 
Figure 27 The relation between work and rest. 
Monod 1985 (94). 
Reprinted from 
However even if the work done represents a sma 11 proportion of 
the total available time, exhaustion can occur if the exerted 
force is above 80% and has to be maintained for more than a few 
seconds. 
Investigators have shown that muscular power is impaired as a 
result of physical and mental work; that muscular power is 
affected by excitement; that endurance amongst school children is 
related to intelligence; that endurance of boys is greater than 
girls; and that exercise, rest, food, and increased atmospheric 
pressure will improve endurance. 
On the other hand local fatigue, hunger, atmospheric pressure, 
high temperature accompanied by high humidity, and tobacco 
diminish endurance. 
Clarke 1955 (28), 1955 (31), 1955 (30) 1973 (25), Matthews 1955 
(85), have studied strength and strength loss with exercise. It 
was indicated that exercise within limits will increase strength. 
Hettinger and Muller 1953 (55) related intensity and frequency of 
training to the development of strength. They concluded that 
strength increases most rapidly when training with a load that is 
approximately two thirds of maximal strength. 
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Hellebrand 1956 (52) seriously questioned the techniques of 
developing strength and endurance. They asserted that the amount 
of work done per unit time is the critical variable on which 
extension of limits depend. 
There are seven variations by which investigators have assessed 
the amount of physical strain or fatigue 1n a subject these are:-
1 Biomechanical Measurement (Elkholm 1982 (43), Mairiaux et al 
1984 (82), Martin and Chaffin 1972 (83) 
2 Fatigue of the Central Nervous System (Rey and Rey 1965 
(l08), 
3 Energy Consumpution (Tornvall 1963 (125), Leg and Pateman 
1984 (76), Legg and Myles 1981 (79», 
4 Measurement of Strain on the Circu 1 atory System, Bouisset 
1965 (12), Monod 1967 (93), Lind and McConville 1967 (80), 
Pottier et al 1969 (lOO), Datta and Ramanathan 1971 (34), 
Datta et al 1973 (33), Soule and Goldman 1969 (121), Lind 
McConville 1967 (80), Kibrum and Brundin 1976 (67), Sanchel 
and Monod 1979 (112», 
5 Subjectively Perceived Stress. (Adams 1964 (l), Ekman 
Sjoeberg 1965 (44), Linderholm 1967 (10), Dirken 1966 (9», 
Hueting and Visser 1960 (58), Hueting and Sarphati 1966 (59) 
Caldwell 1966 (17» 
6 Work Output. Caldwell 1963 (13), Caldwell 1964 (19), Start 
and Graham 1964 (122). 
7 Psycophysical Technique, Suggs and Splinter 1961 (123), Borg 
Linderholm 1967 (l0), Eisler 1962 (42), Snook et al 1968 
(119), Garg Saxena 1982 (49), Mital 1984 (89), (91), Snook 
1978 (116),1970 (117), 1967 (118),1968 (119),1974 (120), 
Snook 1985 (115). 
6.5 FACTORS THAT MODIFY STRENGTH 
Ikai et al 1961 (63) asserted that the physiological and 
psychological condition of the subject affects their strength 
scores. Ikai et al states that: 
"Physiological factors set the fixed and outermost limits, 
psychological factors the more proximate ones." 
Work capacity he claims is: 
"Always an undetermined measure of the former. Performance is 
always limited by the latter." 
Ikai et al studied the effect of various psyschological and 
physiological stimulants on the maximal pull of the forearm 
flexors. The sti'mulants included a shot from a starting pistol 
just before an exertion (unknown to the operator), a shout by the 
operator during the exertion, and suggestion by hypnosis. 
It was discovered that aftershot performances were generally 
higher than no shot performances. The average single, terminal 
pull accompanied by a shot or a shout, compared to the mean of 
all pulls, not immediately preceeded by a shout or a shot, 
disclosed a 12.2% increase, a highly significant improvement. 
Subjects under hypnosis who had been given suggestions of 
strength, increased their pull by l5lb to 181b in a state of post 
hypnotic suggestion. Suggestions of weakness and pain reduced 
the average strength by nearly 22lb below the pre-hypnotic 
controls. All these differences were shown to be highly 
significant. 
Pharmalogical agents had a non-significant effect, with the 
exception of amphetamines. 
Johnson and Nelson 1967 (65) studied the effect of applying 
different motivation techniques during training and in the 
testing of strength. The researches observed that: 
"Motivated training promoted significant strength gains, whereas 
non-motivated training was of little practical value concerning 
strength improvement". 
Best training scores, final training scores and special 
motivational test scores, as measured in this study, increased in 
accordance with the number of motivational factors utilised in 
the training. 
These findings have been supported by Hueting Sarphati 1966 (57), 
Hurstetal1968 (60). 
6.6 BODY POSITION 
Haxton 1944 (51) showed that the extensor muscles at the knee and 
elbow gain greater leverage as the joints are extended from the 
flexed positions. 
Salter et al 1955 (110), during a study of the maximum torques 
exerted during pronation and supination of the right hand, 
discovered that the maximum scores were achieved at 90% of elbow 
flexion and the least at 150%. 
Darcus 1951 (32) showed that in most shoulder-elbow positions, 
the average strength scores are higher in the pronation than in 
supination, being most marked in the full extension of the elbow. 
This finding is in conflict with Salter et al 1955 (136) who 
asserted that the reverse is true. 
Rasch 1957 (105) claimed that the arm is strongest with the arm 
in mid position, weakest in the pronated position, with an 
intermediate ability in the supinated position. 
Caldwell 1964 (18) studied the assumption that the body attitude 
in which an operator can develop the greatest momentary foce is 
also the position in which a given sub-maximal force can be 
maintained for the longest time. Response strength and the 
duration of a sub-maximal holding response, were measured at 20 
body positions. He stated: 
"It may be assumed that a change in body position, control 
placement, or body stabillization which increases strength will 
reduce the effort required to maintain a given force on the 
control, and that the endurance of the holding response will be 
proportionally increased". 
Following a study involving 6 male subjects, Grieve and Pheasant 
1981 (50) asserted that given the opportunity subjects 
instinctively adopt optimum body positions for given exertions. 
Provins 1955 (102), during a study to ascertain the forces 
exertable on a hand wheel in positions defined in terms of joint 
angles and direction of movement, discovered that the mean torque 
exerted by both hands simulutaneously in an attempted movement 
about the shoulder joint is nearly half as great again as that 
about the elbow. He concluded that: 
"If the operator is seated so that he is well able to fix the 
rest of his body, the maximum torque that is exertable on a 
handwheel or the maximum time for which a lesser force can be 
maintained is greatest when, the elbows are bent at right angles, 
and when the plane of the handwheel is tangential to an arc about 
the shoulder joint". 
Clarke 1955 (28) carried out 28 tests based on certain movements 
of the wrist, elbow, shoulder or hip, knee and ankle joints. He 
concluded: 
'!These studies provide objective evidence that, other factors 
being equal, a muscle exerts its greatest power when it functions 
at its greatest tension, that the angle at which a muscle pulls 
is of great importance but probably not as important as the 
tension, that there probably is an optimal position at which the 
muscle functions best, and that this position is one in which the 
tension is optimal (not necessarily maximal) and in which the 
angle of pull provides for the greatest rotary force." 
Provins and Salter 1965 (103) carried out a study to test the 
maximum torque exertable about the elbow, with joint angles of 
14,90 and 135 degrees. It was reported that the effect of 
forearm position produced a significant difference in maximum 
streng/h exertable, with a peak at 90 degrees. 
Troup and Chapman 1969 (126) determined the maximal pulling and 
pushing forces exerted by 230 subjects, which were recorded in 
the standing and sitting postures in which the trunk was kept 
vertical, the upper limbs horizontal, and the pelvis fixed. The 
authors concluded: 
"The flexor forces were both greater standing than sitting, 
however it does not necessarily follow that the flexor muscles of 
the trunk were in fact trans!mitting greater forces because their 
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mechanical advantage differed in the two postures, this 
difference was not measured". 
Laubach et al 1972 (73) conducted a study to measure the maximum 
(peak) isometric forces which could be exerted at 6 locations of 
hand operated aircraft controls. Forces were measured in 2 
vertical and 8 horizontal directions. The results displayed that 
the location of the handle and the direction of exertion produce 
a wide variety of results. The authors observed: 
"Generally, low forces were observed in directions roughly 
perpendicular to the line of the subject's left shoulder to the 
handle. Rather large forces could be exerted along the line 
between the shoulder and the handle, especially if the arm could 
be locked between the opposing surfaces of the seat and the 
handle. Even for a given location of the handle the forces 
measured in different directions varied greatly". 
Davis and Stubs 1977 (35), (36), conducted studies involving 200 
fit, young, serving male soldiers. Subjects were asked to exert 
measured forces in a variety of positions within the normal reach 
envelope whilst standing, sitting and kneeling. Using the data 
obtained, a computer based method was employed to generate those 
points within the reach envelope at which a given force could be 
exerted. On the basis of these plots force maps were drawn. 
Laubach 1979 (77) measured 76 arm forces of a seated operator. 
The sample involved 55 young males. The angle of the seat was 
varied between 13, 25 and 65 degress. From these investigations 
it was observed that: 
"In general, the largest arm strength values were obtained when 
the seat back angle was positioned at 25 degress, with the handle 
at 76 cm to 89 cm above the seat reference point (SRP), from l3cm 
to 25cm left or right of SRP, and 40cm to 50cm forward of SRP. 
6.7 BODY STABILIZATION 
Clarke 1954 (24) stated that: 
"In certain types of manipulations involving the use of 
machinery, it may occasionally be found that almost as much 
muscular energy is being expended in resisting unnecessary 
movements by static muscular work as in the dynamic muscular 
work required for the actual operation of the machine. The 
reduction of static work of this sort can be achieved by supports 
of one sort or another, adjusted in position to the body 
dimensions of the worker". 
Caldwell 1962 (17) supported this analysis stating: 
"It is obvious that a body member can exert no more force on a 
control than can be counteracted by the body. Couteracted force 
depends upon the body mass and stabilization available/provided". 
Rees and Graham 1952 (107) showed that the maximum force which 
can be applied to a foot 
back rest. Hughes and 
pedal is dependent upon the height of a 
Jones 1947 (78) had in fact already 
offered an explanation for this phenomenon, asserting that limbs 
act as a "mechanical toggle" between a control and back rest to 
produce compressive force. They observed that for an isometric 
hand lever, there is a limiting angle where this action stops, 
with a maximum push or pull reached with the elbow at an angle of 
135 degrees. 
These early findings were supported by a later study by Caldwell 
1962 (17). Nine subjects exerted maximum arm extension force at 
5 elbow angles, with 5 conditions of back support, ranging from 
no back support to 80% of the distance from the seat to the 
height of the shoulder joints. 
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It was observed that the strength of the response was influenced 
by the elbow angle and the percentage of body stabilization 
provided by the backrest. The backrest had a small effect at 
lesser elbow angles, but as the arm straightened to 135 degrees 
the back rest became an important limiting factor. 
6.8 BIOGRAHIC VARIABLES 
6.8.1 Age 
Several studies (Galton 1881 (46) 1883 (47), Cathcart 1935 (22), 
Isikawa 1932 (64), have claimed that male strength increases 
rapidly from 12 to 19 years. After 19 years the rate declines 
and becomes more steady up to 30 years, at which point it fa 11 s 
steadily to age 60 years. It has been observed that females have 
a slightly different rate, in that it is more uniform from 9 to 
19 years. 
This trend seems to have been confirmed by Asmussen 1961 (4), 
during a study involving 250 women and 360 men (see fig no. 28). 
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Figure 28 Percentage isometric strength for muscle groups of arms 
and legs in relation to age, as reported by Asmussen 1961 (4). 
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Mital 1984 (89), stated that he could find no significant age 
effects either on maximum acceptable weight of lift, heart rate, 
or oxygen uptake for males and females. Unfortunately he did not 
state either the mean or range of age for the subjects involved 
in the study. 
6.8.2 Body Type 
Rasch and Pierson 1963 (106), found that body weight was the only 
anthropometric dimension to correlate significantly with elbow 
flexion and elbow extension strength. 
Clarke 1957 (27) and 1954 (26) reported that the girth of the 
flexed, tensed upper arm correlated significantly with selected 
cable tension tests. 
Roberts Provins and Morton 1959 (109) concluded that the 
relationship between body size 
upper arm and forearm girth, 
established. 
and arm dimensions, especially 
with arm strength was clearly 
Tornval 1963 (125) concluded that anthropometric measures yield 
low and insignificant correlations with muscle strength, while 
measures of body bulk correlated highly with muscle strength. 
Laubach and McConville 1966 (74) 1969 (75) conducted studies to 
investigate the relationships between static strength, body size, 
body composition and typology. They concluded that measures of 
body size, typology and composition used in their analysis are 
not effective predictors of static strength. 
There is evidence however, to suggest that when the strengths of 
specific muscular actions are considered, particular 
anthropometric measurements assume some importance. For example, 
forearm girth corrected for fat was shown by Carpenter 1938 (20) 
to correlate significantly with grip strength. 
Nordgren 1972 (98) examined the relationship of anthropometric 
measures and muscle strength in a comparitive study between men 
and women. It was discovered that there is a greater difference 
in muscle strength than in anthropometric measures between sexes. 
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6.8.3 Sex 
It has long been assumed that the muscle strength of women is 
about two thirds that of men. However, Chaffin 1974 (23) 
questioned this claiming that 65% to 70% for women is too high. 
He stated: 
"A woman's physical capability compared to a man's is less than 
reported in earlier studies." 
Laubach 1976 (76) analysed this sex relationship reviewing nine 
papers which led to the observation that: 
"The primary objective of this paper has been to investigate the 
statement that women's muscle strength is, in general, about two-
thirds that of men. Our finding that the mean percentage of 
women's total body strength was 63.5% of men's total body 
strength seems to substantiate this contention. However, we 
believe that the emphasis should be re-focussed on the broad 
range from 35% to 86% (over varous limbs) of mean percentage 
differences that were found to exist rather than on a single mean 
figure. 
Because of the extreme variablity in muscle strength 
measurements, ergonomists and design engineers should be careful 
in making extrapolations from muscle strength data". 
This analysis was confirmed by Pheasant 1983 (99) 
6.9 THEORETICAL CONSIDERATIONS OF HUMAN STRENGTH 
6.9.1 Peak versus average strength scores. 
There are two scores by which strength can be measured, one is 
the highest or peak score observed during the test, the other is 
some average score of the observed range. Kromer and Howard 1970 
(76) demonstrated the variability of scores that can result from 
different statistical treatment of source data. 
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Where a maximum indicating instrument is used only peak scores 
are recorded, and are often offered as the subject's strength. 
Whilst peak scores may provide suitable guidelines for the 
greatest quantity of strength that is possible for a subject to 
exert, it is obviously an unsuitable index for a constant sub-
maximal exertion. 
A sensitive automatic system recording a histogram of the effort 
is necessary to distinguish between instantaneous and sustained 
efforts. Researchers have often not reported the kind of 
recording equipment being used in tests. 
Henry 1942 (53) McCraw 1952 (87) and Smith 1963 (114) have all 
presented findings which have displayed significant differences 
between peak and average scores. However, Henry 1967 (54), 
McCraw 1965 (88) and Alderman et al 1969 (2) could find no 
significant advantage for the use of best scores over average 
scores. 
6.9.2 Specificity versus Generality 
Specifity and generality are terms that are concerned with the 
percentage of variance in strength test scores. A correlation 
co-efficient of at least 0.71 is required to show more generality 
than specificity. 
Whitley and Allan 1971 (127) reviewed 23 studies that involved a 
variety of strength tests and measurement techniques. The 
authors observed that: 
"individual differences in static strength ability demonstrate 
more specificity than generality". 
In strength studies conducted by Thorsden, Kroemer and Laubach 
1972 (124) and Laubach, Kroemer and Thorsden 1972 (73) less than 
2% of 946 inter-correlations among force exertions exceeded 0.71. 
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The authors concluded that: 
"if data are desired on forces exertable in other locations or 
directions ie, under other conditions than those previously 
investigated, the information genera lly has to be gathered 
experimentally rather than computed from other force data". 
These findings seem to indicate that strength is an ability which 
is unique to the subject and the conditions under which the 
exertion occurs. 
6.10 DISCUSSION 
There are many kinds of strengths (eg isometric, isotonic, 
dynamic), which can be exerted by a variety of techniques (eg 
explosive, gradual increase) many of which look exactly the same 
to an observer. Testing for dynamic strength poses particularly 
complex problems because of the complications of mass 
decceleration and the changes in body position during such 
exertions. 
There is no clearly discernable 
(pulling) and ecentric (pushing) 
relationship between concentric 
force. Some researchers cl aim 
that eccentric force is less than concentric force, whereas 
others claim the reverse to be true. 
The comparison of dynamic tests with static tests shows that 
static strength is generally greater than dynamic capacity. 
However, it has been shown that this relationship can be reversed 
in some body positions. 
Dynamic studies when compared with static tests show that static 
strength is affected more (decreases) by the horizontal exertion 
distance than is dynamic strength. It seems that the ratio of 
static to dynamic strength varies amongst subjects tested. 
Static and dynamic muscular force seems to be moderately related 
(1:0.70) in early phases of a movement where little excursion has 
occurred. However, this relationship drops exponentially to 
negative values at the end of the movement. 
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Existing literature has failed to establish the nature of the 
relationship between static and dynamic strength. The formation 
of valid conclusions is hampered by inconsistancies in test 
terminology, and methodological differences such as intensity of 
effort, test positions and selected subjects. 
Bender and Kaplan 1966 (7) commented on the incompatibility of 
source data, observing that: 
"Such conclusions, however, are partly derived from reports in 
which force was evaluated by the amount of weight that the 
individual could lift through a range of motion and then hold 
terminally, whereas the isometric measurement was taken at 
another point, usually midway, in the joint range of motion. 
This raises the question of wheter these testing procedures are 
comparing the same activity. It is likely that different muscle 
groups are being e~aluated when the testing occurs at distinctly 
different points within the range of motion.". 
Available force is dependant upon the technique of force 
exertion. It is apparent that if unguided, subjects will adopt 
their own technique of force application and so the instructions 
given to test subjects are of upmost importance . 
. On this topic Kroemer 1970 (69) selected 50 strength studies and 
analysed them to see how many clearly reported the instructions 
given to subjects and/or how they actually exerted the force. 
Only 10% of these studies passed Kroemer's analysis. He 
concluded that "the great majority of these publications on 
strength are limited". 
As the frequency of lift increases the maximum acceptable weight 
of lift decreases, or using an alternative measure the time taken 
to reach exhaustion decreases. Maximum acceptable 
affected by the percentage of maximum strength, 
capacity, and by the distance of a dynamic lift. 
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frequency is 
or lifting 
It appears that there is no single acceptable frequency of lift, 
even when it 
frequency. It 
as weight of 
is expressed as a 
alters according to 
lift or distance 
percentage of the maximum 
the levels of variables such 
of lift. The important 
relationship would seem to be the ratio of work to rest. As this 
ratio increases, the percentage of exertable force decrea~es. 
The effect of frequency is greater on men than women, and the 
perceived exertion at the maximum acceptable frequency varies 
enormously in both sexes. 
Isometric contraction time is related to exertable force by a 
hyperbolic relation. Endurance improves with a reduction in 
load; frequency; distance of lift; and contraction time. 
The level of motivation afforded a strength test subject can have 
a statistically significant effect on recorded strength levels. 
The sources of motivation are numerous, including knowledge of 
scores, stimulation from observers and pharmalogical agents. 
It is clear that the force a muscle can exert is influenced by 
the limb angle and the direction of the exertion. Favourable 
test postures and force directions have been established. It is 
not clear whether body postures that are .optimal for peak 
exertions are also optimal for submaximal work. However, it does 
seem that test subjects, given the opportunity, are able to adopt 
optimal body postures instinctively. 
The force a subject can exert is dependent upon the degree of body 
stabilization available. It seems that limbs act as mechanical 
toggles gaining extra compressive force between the control and a 
support. The effects of body stabilization occurs within 
definable limits. Existing literature offers good advice on the 
effects of supports on exertable strength. 
There appears to be general agreement that strength increases 
rapidly during early age and the teens, in both sexes, up to the 
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age of approximately 20 years. During this initial phase females 
develop more steadi ly than males. After this, strength remains 
stable until approximately 30 years, at which point there is a 
steady decline to the age of approximately 70 years. 
Research on body type as related to strength has yielded 
conflicting results. Some authors have reported highly 
significant resul ts between body weight and strength; some have 
reported insignificant correlations for the same relationship. 
It does seem, however, that anthropometric measures do not 
correlate well with human strength and that a more reliable 
measure is to combine body bui ld, weight and height which have 
yielded significant correlations with strength scores. 
The long established assertion that female overall strength is 
two thirds that of males appears to mask the pattern of wide 
variation in strength that occurs from one limb to another. This 
broad range of mean percentage differences in strength over the 
body, between sexes, means that it is important to consider data 
relating to the relevant limb, or aciton, as opposed to following 
any general guideline which has been averaged over the whole 
body. This existing knowledge appears to present a clear 
indication of differences due to sex. None of the reviewed 
literature dealt with the sex relationship of submaximal 
exertions. 
6.11 CONCLUSION 
Voluntary human strength is not a fixed attribute, it is more 
specific than general, an ability which is dependent on many 
variables. 
As Caldwell 1964 (18) stated: 
"A subject has as many strengths as there are different 
conditions of measurement, and individuals can only be compared 
in strength when measured under uniform conditions." 
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Terms such as "maximum strength" or "acceptable weight of lift" 
can therefore only indicate relative magnitudes; they are 
quantities possible only under the prevailing conditions in which 
they were observed, and by the type of subject invol ved in the 
test. 
Much of the reviewed literature provides useful advice, in some 
areas clear relationships have been defined. However, the 
evaluation of muscle strength is hampered by a lack of 
standardisation and ambiguity in terminology, experimental 
procedure, and statistical treatment of data. 
Efforts to standardise strength testing methodology have been 
made. However, sampling techniques are still far from uniform. 
The following statement by Kroemer and Howard 1970 (70) still 
appears to be relevant: 
"Had an effort been made to define strength, and an agreement 
been reached about reporting all relevant details of assessment 
studies in years past, our handbooks text etc. would now contain 
information more directly usuable by human factors specialists." 
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